The atmosphere contains a big "zoo" of various chemical compounds, so-called trace gases in very low concentrations. These compounds have an influence on the dynamics of the atmosphere, e.g. ozone in the stratosphere through the heating because of the absorption of radiation. Often, the compounds are interesting for themselves because they influence the health or crop production, e.g. ozone near the surface where it is harmful to the respiratory system or because it reduces crop yields. The prediction of trace gas concentrations is still a big challenge for several reasons. (i ) in a lot of cases, the actual emissions of trace gases and their precursors is not known to high accuracy. There are exceptions like the 85 Kr emissions that come from nuclear fuel reprocessing plants mainly, but in a lot of cases, estimations are very difficult. (ii ) The atmospheric processes like reaction path ways are not known in all cases. (iii ) The different time scales and restricted spatial resolution lead to problems.
The simulation program MOZART2 is a well known simulation program of trace gases in the atmosphere. However, it needs dynamical data to "drive" the general circulation in the atmosphere. ECHAM is a simulation program of the general circulation and it can transport trace gases like for the specific humidity. Implementing the chemical reactions of MOZART2 into ECHAM (first ECHAM5, then MOZART3 into ECHAM6) is a good starting point for the analysis of trace gas species in the atmosphere. I participate in these efforts, in the last years mainly with respect to the interface between MOZART and ECHAM.
Operator splitting
The equations governing the general circulation, the transport equations and the chemical reactions including source and sink terms are all coupled and result in an intractably large system of coupled partial differential equations. One idea to reduce the complexity is to neglect coupling terms and to go for an operator splitting treating distinct physico-chemical processes separately. Thus, the general circulation is separated from the advective transport, the convective transport, the transport by diffusion processes triggered by subgrid scale eddies, and the chemical reactions for example. It is an interesting question to which extent the operating splitting influences the results.
Grid size
Grid cells are typically some ten kilometres to a few hundred kilometres wide and some ten meters to kilometres high. These large grid boxes make it difficult to compare simulation results with point measurements. This means that the assessmet of the model quality is a very difficult task and may be inconclusive. Furthermore, measurements are difficult and at high cost for trace gases. Only point measurements at a few locations at the surface of the earth may exist for a lot of species. As a consequence, the point measurements can be compared best for species with low spatial and temporal variability. However, the picture of the "chemical state" of the atmosphere remains rather incomplete considering measurements alone.
Trends and large scale distribution
Simulations offer the possibility to get a complete picture of the chemical state of the atmosphere, in contrast to point measurements. However, it is often not easy to evaluate the quality of the simulation. The mean ozone volume mixing ratio at the surface averaged over the year 2000 is presented in Figure 1 as it was simulated by the MOZART2 chemistry coupled to the general circulation program ECHAM5. There is a high bias in the simulation. Nevertheless, the regions with high ozone concentrations are those where intense radiation together with air pollution and natural volatile organic compounds increase the ozone production. Figure 2 gives the trend in the surface ozone volume mixing ratio in ppbv/year for the 1990ies. A linear trend was assumed. Because of a strong increase in emissions of ozone precursors, the ozone trend is high positive in South Asia. 
